Analyses of pecan oils by GLC and mass spectrometry showed the presence of pahnitic, stearic, oleic, linoleic, and linolenic acids. The TLC of the nonsaponifiable materials of pecan oil, followed by identification of individual zones, revealed the presence of carotenoidS, a-tocopherol, other tocopherols, and an Emmerie-Engel positive compound which was unknown. A quantitative estimation of tocopherols was achieved in pecan oils from eight varieties. Total tocopherol content was correlated with oil stability; however a better correlation with stability was observed when both tocopherols and the degree of unsaturation of the oils were taken into account.
Introduction p
ECAN' NUTS, which contain high levels of oil, show considerable flavor instability even at reduced temperatures. In this regard, flavor changes in foods containing fats and oils have been related to the oxidation of fats (1). Numerous reports have been published concerning the stability of oils and fats to oxidative rancidity, and much of this work has been reviewed recently (1,2). Woodroof and Heaton (3) reported relative stabilities of pecan kernels and unshelled nuts, stored at temperatures ranging from 10C to 20C and relative humidities from 90% to 20% for seven years. Evaluation of the deterioration of 46 varieties by a taste panel indicated stability rankings from very good to poor.
The effect of unsaturation of the oil on stability has been discussed by Gunstone and Hilditch (4) , and the importance of double bonds in accelerating fat oxidation has been explained by the ease of free radical attack on allylic positions to form peroxide radicals (5-7).
Investigation of other factors, such as tocopherols (8-11), trace metals (12), and enzymatic oxidation of fats in biological systems (13), have indicated their importance in the stability of fats and oils.
French (14) determined the fatty acid composition and content of several pecan oils by using GLC analysis. However insufficient evidence was obtained adequately to identify all fatty acids, as evidenced by the incorrect assignment of linolenic acid to the comwith a dual hydrogen flame detector. Mass spectral analyses were obtained with a combination gas chromatograph-mass spectrometer (GC-MS).
The latter was a prototype of the LKB-9000 mass spectrometer, 12221 Parklawn Drive, Rockville, Md. The UV spectra were obtained on a Cary Model 14 recording spectrophotometer, and a Klett colorimeter was used for eolorimetric measurements of carotenoids, tocopherols, and TBA values. A Carver laboratory press was used to obtain fresh pecan oils for tocopherol estimation.
Reagents
Optically pure hexane was prepared by distilling high-purity n-hexane over KOH pellets onto a silica gel column. Benzene, reagent grade, was dried over sodium. The 2,2-dimethoxypropane was obtained from the Dow Chemical Company. Dry methanol was redistilled through a column of molecular sieve 5A to remove traces of water. Methanolic HC1 was prepared according to the procedure of Mason and Waller (16) .
Neutralizing Agent. Sodium bicarbonate, sodium carbonate, and sodium sulfate (anhydrous) were mixed in a 2:1:2 ratio by weight, dried overnight at 110C, and stored in an air-tight container. Sodium methoxide, approximately 0.5N, was made by reacting sodium metal with dry methanol. The 2-thiobarbituric acid (TBA) was obtained from Eastman Organic Chemicals, Rochester, N. Y. The TBA reagent was prepared according to the procedure of Sidwel et al. (17) . Bathophenanthroline (4,7-diphenyl-l,10-phenanthroline) and a-tocopherol were obtained from the Pierce Chemical Company, Rockford, Ill. (Ether (anhydrous), peroxide-free, was obtained from Mallinckrodt Chemical Works, St. Louis, Mo.
Standard methyl esters, chromatographically pure (Applied Science Laboratories), were used without further purification. Isopropylidene glycerol (IPG), for determining retention time of IPG, was synthesized by Mason and Waller (16) . The oils were obtained from samples of 34 varieties of pecans grown near Stillwater, Okla.
Silica Gel G was obtained from Brinkmann Instruments Inc., New York, and 4,5-dibromofluoreseein was obtained from K and K Laboratories, California.
Transesteriflcation ponent in peanut oils eicosenoic acid (15).
The purpose of this work was two-fold : to determine whether or not the degree of unsaturation or carotenoid and tocopherol contents were related to the instability of pecan oils and to establish the identities of the fatty acids of pecan oil by a physical procedure other than GLC. Confirmation of the identities of the unsaturated acids seemed especially important in terms of their possible contribution to the instability of pecan oils.
Experimental Apparatus
A Soxhlet apparatus was used for oil extraction. Gas-liquid chromatograms were obtained with a Perkin-Ehner Model 800 gas chromatograph, equipped 1 Present address: University of Akron, Department of Chemistry, Akron, Ohio.
which was actually cis-11-Pecan oils were converted to methyl esters accordingto the procedure of Mason et al. (18) . Standard methyl esters and IPG were prepared by diluting known quantities of nine methyl esters and IPG to 25 ml with benzene in a volumetric flask.
GLC Analysis
A 6-ft • if s-in. O.D. (0.062 in. I.D.) stainless-steel column, packed with 14.5% ethylene glycol succinate (EGS) on Anakrom 100/110 mesh type A, was used. Nitrogen was the carrier gas used at a flow rate of 60 ml per minute. Column temperatures were linearly programmed from 75C to 195C at 10 ~ per minute; the injector and detector temperatures were 220C and 230C respectively. Identification of peaks was achieved by comparing retention times of unknowns with reference standards. Quantitative estimations were accomplished by multiplying peak areas by 438 THE JOURNAL OF THE AMERICAN OIL CHEMISTS' SOCIETY appropriate t~mole/area relationships, calculated from gas chromatograms of reference standards.
Mass Spectrometry
One-half microliter quantities of the standard methyl esters and unknowns were injected into the combination GC-MS instrument to obtain separation of methyl esters and the mass spectra of each. A glass column, 0.25 in. in O.D.
• 6-ft in length, packed with 14.5% EGS on Anakrom 100/110 mesh, was used. Helium was the carrier gas, flowing at a rate of 35 ml per minute. The column was maintained at 155C.
Determination of the homogeneity or heterogeneity of the peaks was possible with the use of the GC-MS instrument, equipped with a rapid scanning device. A mass spectrum could be obtained every 1.6 see if needed, which allowed spectra to be taken at successive points along each peak.
Argentation TLC
Methyl esters front pecan oil were separated according to the procedure of Morris (19). The band containing triunsaturated fatty acids, which was the least mobile and of lowest concentration, was elutcd with a mixture of water-methanol (3:1) and vcntrifuged. The triunsaturatcd ester was then extracted with n-pentane. The ester was concentrated by evaporating most of the solvent before its mass spectrum was obtained on the GC-MS instrument.
Stability Studies
Eight of the oils from the 34 varieties were chosen for stability studies on the basis of their degree of unsaturation. Oils representative of relatively high, low, and intermediate unsaturation were selected.
Ten nlililitm~ of fresh oil from each sample were placed in Petri dishes and maintained at 60C in an oil bath. The oils were exposed to laboratory light and air for two weeks. Samples were taken front each dish at various times, and carotenoids were measured by using the Klett colorimeter with the proper filter. Analysis of the oils on the Cary Model 14 spectrophotometer revealed only two areas of absorption: a broad band absorbing maximally at 452 mr, and a sharp stronger band absorbing maxinlally at 298-299 mg. Thus the loss in the characteristic broad band during oxidation was followed by use of the Klett eolorimeter.
Two different methods of measuring oxidative rancidity, namely, the TBA (17) and peroxide tests (20), were used to evaluate the oxidative deterioration of the oils at different intervals of time.
Tocopherol Determination
Oils obtained with a laboratory press had the same fatty acid content, determined by GLC, as those obtained by hexane extraction. Oils obtained by pressing were used for toeopherol studies because the method was rapid and did not require the use of the heated solvent. About 0.5 g of the clear oil was accurately weighed and saponified ; the nonsaponifiable fraction was extracted with ether according to the procedure of Sturm et al. (21) . The ether was evaporated under nitrogen, and the residue was dissolved in 3 ml of a mixture of chloroform-methanol (4:1). The spectra of the solution in the visible and UV regions, as seen with the Cary Model 14 spectrophotometcr, revealed the presence of two regions of absorption: a broad band with Xm,x at 452 m~ and a narrow sharper band with Xmax at 298 mr,. VOL. 45 The nonsaponifiable materials from the eight varieties of pecan oils were chromatographed on Silica Gel G coated plates with chloroform as the developing solvent. Plates were sprayed with potassium ferricyanide, followed by ferric chloride reagent, to detect tocopherols (21).
Reference standard atoeopherol was also chromatographed with the unknowns to compare R~ values. Unsprayed zones corresponding to each spot were removed from TLC plates, extracted, and examined spectrophotometrically to confirm tocopherol bands. Zones corresponding to toeopherols were removed and estimated colorimetrically according to the method of Emmerie and Engel (22) by using a green filter (approximately 534 m~) in the Klett colorimeter. A calibration standard was prepared with standard a-tocopherol. Thus the total, a-, and non-a-tocopherols in all samples were estimated. Table I lists mean and extreme values of oil and fatty acid contents of the 34 varieties of pecans. The combined percentages of oleic and linoleic acids were remarkably constant (approximately 89%) ill all samph:s. This phenomenon was also reported by Baih:y et al. (23) . GIA', analysis of the esterified oil showed the presence of IPG, palmitate, stearate, oleatc, and lilmleate, as well as a sixth peak that was neither eieosenoate or lim)lenate.
Results and Discussion
Mass speetra of methyl esters on the GC-MS instrument agree(l qualitatively with published spectra (24-26). When these spectra were compared with reference standard spectra obtained in the same mamler, excellent quantitative a~r(ement was noted with one exception. The last peak to elute in the gas ehromatograms represented such a small amount of material that the Sl)ectra represented tailing from the preceding peak, which proved to be linoleate. This comt)onent, thought to be methyl linolenate, was isolated from the mixture of ntethyl esters by using argentation TLC to isolate the small amount of material which migrated in the position of a triunsaturated fatty acid. This material was eluted from the plates and ehromatographed on the GC-MS instrument. The retention of this triunsaturated methyl ester was identical to that of the minor component observed previously, and successive mass spectra of this peak were all in excellent agreement with reference standard linolenate, indicating that this component was a homogeneous peak of methyl linolenate.
Based on mass spectral data and gas-chromatographic analysis, the conclusion was drawn that the compounds obtained from GLC separation were IPG, methyl palmitate, methyl stearate, methyl oleate, methyl linoleate, and methyl linolenate.
The fact that some other fatty acid esters were not eluted, unresolved from the major peaks, was indicated by obtaining successive spectra as each peak was eluted. The utility of this procedure for determining the number of components under a single peak was recently demonstrated by Ryhage et al. (27) in work with milk fat. 
